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Croton tiglium lectin, a protein with hemagglutinating and hemolytic activities and specific for complex 
carbohydrates only, agglutinates phospholipid-glycolipid vesicles in the presence of 1 mM CaClz. The 
agglutination of liposomes, which is not affected by phospholipid composition and ionic strength, is 
completely inhibited by trypsin-released glycopeptides from sheep erythrocyte surface indicating that the 
phenomenon is mediated by lectin-carbohydrate interactions. Since the lectin-reactive glycolipids all carry 
the sequence Gal-Gal or their N-acetylated derivatives as the common structural denominator, it appears 
that the disaccharide unit Gal-Gal or their N-acetylated derivatives constitute an essential part of the 
carbohydrate hapten of the lectin. Lack of evidence for non-carbohydrate-dependent hydrophobic 
interaction of CTL with phospholipids and glycolipids lends support to the view that hemolysis is also a 
carbohydrate-dependent function of the lectin. 
Liposome agglutination Croton tiglium lectin Glycolipid dependence 
1. INTRODUCTION 
In [l], we reported the purification and proper- 
ties of a non-toxic lectin from the seeds of Croton 
tiglium Linn., which agglutinated sheep and cow 
erythrocytes and lysed rabbit erythrocytes. While 
the lectin was not inhibited by simple sugars, 
trypsin-released glycopeptides (trypsin fragments) 
from sheep erythrocyte surface inhibited both 
hemagglutination and hemolysis, suggesting that 
the carbohydrate-binding site of the lectin, which 
might be too large to be complementary to a 
monosaccharide, was involved in inducing both 
the activities. However, since several D-galactose- 
specific lectins appeared to compete with CTL for 
the same receptor sites on rabbit erythrocyte sur- 
Abbreviations: CTL, Croton tiglium lectin; PC, phos- 
phatidylcholine; PE, phosphatidylethanolamine; PS, 
phosphatidylserine; FA, Forssman antigen; Gal, galac- 
tose; GalNAc, N-acetylgalactosamine; Glc, glucose 
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face, D-galactose or a related sugar was suggested 
[l] to be an essential part of the complex carbohyd- 
rate complementary to the lectin. 
Our object was to study the agglutination in- 
duced by CTL of liposomes containing several 
glycosphingolipids in order to determine the essen- 
tial structural features of the lectin-reactive com- 
plex carbohydrate. Like natural cells, the liposomes 
can be cross-linked and agglutinated by polyvalent 
lectins which bind non-covalently to specific car- 
bohydrate structures of glycolipids [2-51. Unlike 
natural cells, however, liposomes lack cytoskeleton 
and cellular energetic machinery which affect 
secondary membrane events in lectin-induced cel- 
lular agglutination [6]. Thus, although glycolipid- 
dependent agglutination of liposomes may be 
affected by phospholipid composition and ionic 
strength [5], the phenomenon is largely free from 
the complexities which characterize cellular agglu- 
tination. Like precipitin reactions of lectins with 
polysaccharides and glycoconjugates, such aggluti- 
nation of liposomes can generally be used for the 
study of carbohydrate-specific lectin-glycolipid 
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interactions. If a series of glycolipids with defined 
carbohydrate structures are available, such a study 
can give information regarding lectin-sugar com- 
plementarity. Moreover, studies of lectin-induced 
agglutination of liposomes can provide knowledge 
about the role of ionic and hydrophobic forces in 
lectin-cell interactions [5], which may have bio- 
logical significance. 
ferred immediately to a spectrophotometer 
cuvette. Agglutination of liposomes was monitor- 
ed by observing the increase in Aso0 of a suspen- 
sion of liposome incubated with the lectin against 
a blank without lectin. 
The concentration of the lectin was determined 
spectrophotometrically using ~1% = 15.6 at 
280 nm [l]. 
2. MATERIALS AND METHODS 3. RESULTS 
CTL and trypsin fragments were prepared as in 
[ 11. PC, PE and PS were obtained from Sigma (St. 
Louis MO). The purity of the phospholipids was 
checked by thin-layer chromatography. The glyco- 
lipids, viz. ceramide trihexoside from rabbit ery- 
throcytes, globoside from pig erythrocytes, FA 
from sheep erythrocytes and GM1 ganglioside 
from human brain were generous gifts from Dr 
Subhas Basu, University of Notre Dame. The 
structures of the glycolipids are shown below [7]: 
3.1. Effect of phospholipid composition and 
Ca”ions on the glycolipid-dependent 
agglutination of liposomes 
Fig.1 shows the results of incubation of CTL at 
Ceramide Trihexoside; Gal ~~1-4 Gal ,&l-+4 
Glc-ceramide Globoside: GalNAC ,&l--+3 Gal 
al-4 Gal ,&l-4 Glc-ceramide FA: Gal NAC 
al-3 GalNACpl-3 Gal al-4 Galfll-4 
Glc-ceramide 
250 pug/ml with liposomes devoid of glycolipids, as 
well as with FA-containing liposomes. It is seen 
that the lectin does not agglutinate PC, PC-PS and 
PC-PE vesicles devoid of glycolipid in the 
presence or in the absence of 1 mM CaClz. 
However, PC, PC-PE and PC-PS vesicles in 
which FA has been incorporated, are agglutinated 
by CTL only in the presence of Ca2+ as indicated 
by the increase in turbidity of the liposome suspen- 
sion. This agglutination is completely reversed in 
the presence of 1 mM EDTA indicating that the 
agglutination of liposomes by CTL has an absolute 
requirement for the simultaneous presence of a 
GM1 Ganglioside: Gal ,&l--+3 GalNAc 
,&l-+4 Gal fll-4 Glc-Ceramide 
1 
2NA- 
NA 
1.2- Cacl~ EDTA 
1 1 
(NANA = N-Acetyl neuraminic acid) 
All other reagents were of analytical grade and 
used as received. Glycolipid-containing liposomes 
were prepared as in [2]. Phospholipid and glyco- 
lipid, dissolved in chloroform-methanol (2 : 1, v/v) 
were mixed in appropriate proportions in a glass 
tube. The solvent was evaporated under reduced 
pressure at 25°C. The lipids were then suspended 
in 10 mM Tris-HCl buffer containing 150 mM 
NaCl (pH 7.2) to yield 2 mg phospholipid/ml. The 
suspension was sonicated for 15 min in a bath 
sonicator and finally centrifuged at 8000 x g for 
10 min at 4°C to remove multilamellar liposomes. 
0 d 
” Z” ‘t” 
,.. 
00 
TIME(min) 
CTL solution in the above buffer was added to 
the liposome suspension, mixed rapidly and trans- 
Fig.1. Effect of phospholipid composition on CTL- 
induced agglutination of liposomes (by vol.): (0) PC; 
(A) 1: 1 PC-PS; (0) 1: 1 PC-PE; (0) 2: 1 PC-FA; (A) 
1: 1: 1 PC-PS-FA; (w) 1: 1: 1 PC-PE-FA liposomes 
were incubated with CTL at a concentration of 
250pg/ml. Addition of CaC12 and EDTA to final 
concentrations of 1 mM are shown by arrows. 
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carbohydrate-bearing structure in liposome and 
Ca2+ in the medium. Furthermore, an increase to 
300 mM NaCl (not shown) did not affect ag- 
glutination, showing that the ionic forces were not 
important in glycolipid-dependent agglutination of 
liposomes by CTL. Since CTL agglutinates FA- 
containing PC, PC-PE and PC-PS vesicles almost 
equally (fig. I), it appears that the process is not 
affected by the charge of the phospholipid. 
3.2. Effect of incorporation of different 
glycosphingolipids on the agglutination of 
liposomes 
Fig.2 shows that CTL induces agglutination of 
liposomes prepared from a 1: 1: 1 (by. vol.) mix- 
ture of PC, PE and one of the following glyco- 
lipids, viz. ceramide trihexoside, globoside, FA 
and GM1 ganglioside. It will be seen that ag- 
glutination, which occurred only in the presence of 
1 mM Ca2+ in all cases, was completely reversed 
by trypsin fragments. Addition of Gal, GalNAc or 
lactose did not affect CTL-induced agglutination 
of liposomes (not shown). The complete inhibition 
of CTL-induced agglutination of liposomes by 
trypsin-released glycopeptides appears to indicate 
TIME(min) 
Fig.2. Effect of incorporation of different glycolipids on 
the agglutination of liposomes (by vol.): ( q ) 1: 1: 1 
PC-PE-FA; (0) 1: 1: 1 PC-PE-GM1 ganglioside; (A) 
1:l:l PC-PE-globoside; and (0) 1:l:l 
PC-PE-ceramide trihexoside liposomes were incubated 
with CTL at 250pg/ml. Addition of CaC12 and trypsin 
fragments to final concentrations of 1 mM and 
1 mg/ml, respectively, are shown by arrows. 
Concentration of trypsin fragments was determined as a 
glucose equivalent. 
that the process is mediated by binding of the lectin 
to specific carbohydrate moieties of the glycolipids 
and not by non-specific hydrophobic interaction 
between lectin and phospholipids. It may be 
observed that there is no significant difference in 
the extent of agglutination of liposomes containing 
different glycosphingolipids. All the glycolipids 
carry oligosaccharide chains containing the se- 
quences GalNAc-GalNAc, GalNAc-Gal , 
Gal-GalNAc and Gal-Gal, as well as Gal-Glc. 
These disaccharide units, except Gal-Glc, 
however, differ in the type of glycosidic linkage 
between the two monosaccharide units. Inhibition 
of glycolipid-dependent, CTL-induced agglutina- 
tion of liposomes by trypsin fragmets and not by 
GalNAc, Gal or lactose (Gal-Glc) suggest hat a 
disaccharide unit consisting of either two Gal or 
two GalNAc residues or one unit with Gal and 
GalNAc, constitutes an essential part of the car- 
bohydrate hapten of the lectin. However, it is not 
possible to say whether the presence of a non- 
reducing terminal Gal or GalNAc residue is essen- 
tial for a complex carbohydrate to bind to the 
lectin. 
3.3. Effect of CTL concentration on agglutination 
of liposomes 
Fig.3 shows the effect of CTL concentration on 
the agglutination of PC-PE-FA (1: 1: 1, by vol.) 
liposomes in presence of Ca2+. As the lectin con- 
centration is increased from 25-500 pg/ml, there 
TIME (m(n) 
Fig.3. Increase of turbidity of 1: 1: 1 PC-PE-FA 
liposomes as a function of CTL concentration: (0) 
5OOpg/ml; (A) 25Opg/ml; (0) 150,ug/ml; (A) 
100 pg/ml; ( q ) 25 ag/ml. 
250 
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is, as expected, an increase in the extent of ag- 
glutination. However, there is hardly any increase 
in turbidity at 25 pg lectin/ml, suggesting that 
there is a threshold number of receptor sites on 
liposomes, which must be occupied before ag- 
glutination occurs. 
4. DISCUSSION 
Results presented above show that addition of 
CTL to a suspension of several glycosphingo- 
lipid-containing liposomes leads to increase in tur- 
bidity indicating cross-linking or agglutination of 
the vesicles. The process, like CTL-induced hem- 
agglutination or hemolysis of erythrocytes, was in- 
hibited by trypsin fragments. Since glycolipid-con- 
taining liposomes and trypsin fragments share car- 
bohydrate as the onIy common constituent, the 
above result indicates that the agglutination of 
liposomes is mediated by specific lectin-carbohy- 
drate interactions. Specific role of carbohydrate is 
also suggested by the inability of the lectin to ag- 
glutinate liposomes when glycolipid is absent. 
Recently there has been increasing evidence that 
lectins, in addition to their carbohydrate binding 
function, can also interact hydrophobically with 
glycoproteins and phospholipids [8,9]. It is not 
known whether these non-carbohydrate-dependent 
interactions of lectins with cell membrane con- 
stituents are of any significance in lectin-induced 
cellular events such as agglutination or mitogene- 
sis. However, it is well known that proteins can in- 
duce hemolysis or erythrocytes by interacting 
hydrophobically with cell surface [lo]. Our results 
suggest hat hydrophobic interaction of CTL with 
cell surface is unlikely, and thus lend further 
evidence to the observation [I] that hemolysis of 
rabbit erythrocytes is induced by binding of the 
lectin to cell surface carbohydrate receptors. 
Since the hemagglutinating and hemolytic ac- 
tivities of CTL are not affected by Ca’+ (unpu- 
blished), it appears that the presence of Ca2+ ions 
is not required for binding of the lectin to giyco- 
Iipid. However, Ca”+ ions are known to affect the 
mobility of the glycolipid receptors in liposomes by 
interacting with phospholipids 15,111, and may, 
thereby, play a crucia1 role in CTL-induced agglu- 
tination of liposomes. 
The sacch~ide-binding specificity of the lectin is 
yet to be defined. However, the results suggest hat 
the presence of a disaccharide structure consisting 
of two Gal or GalNAc residues is of paramount 
importance in determining the reactivity of com- 
plex carbohydrates with CTL. Apparently the 
carbohydrate-specificity of the lectin bears some 
similarity to that of peanut lectin (primary 
specificity, Gal @I - 3 GaINAc) which, however, 
is weakly inhibited by the monosaccharides Gal 
and GalNAc 1121. It may be noted that the peanut 
lectin competes with CTL for the same receptor 
sites on rabbit erythrocyte surface (11. 
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